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ABSTRALT

~~23 The results of hydrodynamic scale model tests of many
different hull configurations of amphibious vehicles are pre-
sented as the second part cf a two-volume study.

Emphasis is placed on the study of high-speed wheeled
vehicles, sspecially planing huli forms. '

No attempt Is made to draw overall conclusions or to
synthesize the material presented. That task is left for
Volume 1.
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PREFACE

This volume is comprised of thirteen separate chapters describ~

ing hydrodynamic mode! tests of various amphibious vehicle concepts
investigated during the course of a comprehensive study of high-speed

wheeled amphibians conducted by Davidson Laboratory during the period

from 1956 tc 1959.

The 1956-9 Davidson Laboratory study was sponscred by the

U.S- Army Ordnance Tank-Automotive Command (OTAC) under U. 5. Army

Contract DA 30-06G-ORD-1763. It was discontinued before completion

when cognizance over amphibious vehicle development was transferred

from OTAC to another agency. In 1965, however, the Office cof Naval

Research (ONR) awarded Contract NR 062-374-5-3-65(263 T/0 69) to

Davidson Laboratcry ‘'to organize, review, and publish the results"

of the discontinued study. The present volume is one of two to be

issued under this contract. The companion volume (DL Report No. 726,
Volume 1) will be published shortly.

In the present volume, no attempt is made to draw overall

conclusions or in any way to synthesize the material presented in
the separate chapters. This task is left for Volume |, whose objective

is to draw upon the test data presented here, plus the results of the
various analytic studies made during the program, to develop promis-

ing new vehicle concepts and to make general statements concerning
amphitian performance. For this reason, Volume |l should be

considered as an adjunct to the companion work, or as a reference

for specifiz test data, rather than as a tcchnical report in the
usual sernse.
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As a final prefacing note, the Davidson Labcratory personnel who
have worked on this project wish to express thelr thanks o #r. Ralph
Cooper of ONR and Zolonel P. H. Hahn &nd Lt. Col. J. Baye uf the U. 5.

Marine Corps for making it possible to relieve the frustration of this

job long undone, and to Mr. Herman Nadler of the U. S. Army Tank-Automot!ve
Center, whose cooperation has continued to the present day even though
his formal affiliation with the program ended seven years ago.
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PERFORMANCE CHARACTERISTICS
OF A 1/10-SCALE MODEL DUKW

EQUIPPED WiTH HYCROFOIL SUPPORTING STRUTS

by

l. 0. Kamm
J. P. Fineliti

November 1956
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PURPOSE

The purpose of the towing tests reported in this and the following
chapter was to aid Lycoming Division in determining the feasibility of adding
fully submerged hydrofoils tc a World War |1 DUKW in order to obtain water

speeds in excess of 25 knots.

INTRODUCT ION

1/10-scale models of the DUKW and che proposed hydrofoil supporting
struts were constructed in accordance with Lycoming Drawings LO-7473-2 and

L0-7523. The hydrofoils were not used in this test series.

The resistance of the DUKW, with and without the struts, was deter-
mined for several displacements over a speed range of 5 to 14 knots. The
latter speed corresponds approximately to the take-off speed of the hydro-
foil DUKW. The model was towed both in the free to trim condition and at
various fixed trims. In addition, the drag of the struts alone (with the
DUKW completely free of the water surface) was determined at several depths
of submergence at speeds above take-off, A few spot checks also were made

to determine the effect of shifting the center of gravity of the vehicle.

In all tests reported herein, the model was towed from a point
located 214 inches aft of the bow (this corresponds to the L.C.G, of the
proposed hydrofoil DukW) and as ciose to the bottom of the DUKW hull as
possible. It is felt that any errors arising from improper tow point

location are minor, and can be neglected for the present.

TEST RESULTS

All test results are plotted in terms of full-size equivaients.
The Drag, Effective Horsepower and Trim of the DUKW without struts are
piotted versus Speed in Figures 1 through 5 on Pages 3 through 7.
Figure 2 shows that shifting the center of gravity of the DUKW had
little if any e“fect on the drag. On the other hand, Figure 5 illus~
trates that, in general, a forward shift of the center of gravity

caused a decrease in trim angle.




The tests weire thshn repeated with the struts added to the DUKW

I ot

8
model {two struts forward, one aft), Dlsclacement L.0.8, were

the
same &S in the previous tests. Again, Drag, Effective Horsepower and Trim

were plotted versus Speed (Figures 6 through 8 on Pages 8 through 10).

The effect of the struts on the DUKW performance was minor over the
range of speeds tested (below take-off).

Tests of the DUKW with struts, with the model set at various fixed
trims, were then run over the same displacement - speed range as the previous
tests. Although the model could not trim, it was free to heave. The drag
and eflfective horsepower for this test condition are plotted in Figures 9
through 14 on Pages 11 through 16.

Finally, tests were run in order to obtain an estimate of strut drag
at speeds above take-off. The DUKW model was set at zero trim at several
heights above the surface of the water and towed at speeds ranging from
approximately 12 to 26 knots. Thus, the drag of the struts at various sub-
mergences could be determined. These results are shown in Figure 15 on
Page 17.
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{NTROPUCT IO}

This chapter describes towing tests of a 1/10-scale DUKW, equipped
with incidence controlled, fully submerged hydrofoils, which were conducted
in December 1956 in the high speed facility (Tank 3) of the Davidson Labora-
tory. These tests were a continuation of the DUKW hull and strut drag tests

described previously in Chapter 1.

All tests reported herein were conducted with the hydrofoils in place
(two foils forward, one foil aft). Al) three foils were identical. They
were NACA Section 6hi-012, eack with a span of 100 inches and an area of 22
square feet. The forward foils were located 118 inches aft of the bow and
the rear foil was located 355 inches aft of the bow. The longitudinal
center of gravity of the craft was 214 inches aft of the bow. In all cases
the model was towed from this L.C.G., as close to the bottom of the hull as

possible.

SUMMARY OF RESULTS

The model was loaded to simulate a 26,000 1b. dispiacement and was
free to trim and heave. Drag, trim and heave were measured over a full-size
speed range of approximately 6 to 20 knots. A1l test results are presented

in terms of equivalent full-size readings.

Tests were run mainly at fixed forward foil settings of 11, 5, 2 and
1/2 degrees, and a rear foil setting of 2 degrees. (These angular settings
are tzken with reference to the model.) Spot checks made at other foil
settings are not included in the graphical presentation of the results, but

are reported separately in the DISCUSSION,

The DUKW lifted clear of the water surface (i.e., '"took-off") at
speeds between 13 and 15 knots at all fixed forward foil angles tested. The
effective horsepower requirements were determined to be move favorable for
the smaller foil angles, even though higher speeds were necessary for take-
off.

Stalling of the foils was observed when the effective angle of attack
of the foils approached 20 degrees. This occurred at forward foil settings

above & degrees when the angle of trim of the model was large.

- 18 -
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An automatic adjusting device to regulate the setting of the forward
foils after take~off was built into the model. This device controlled the
depth of submergence of the foils during flight and allowed drag readings

to be obtained at speeds above take-off.

Near the conclusion of the test program, the hydrofoil DUKW was
operated at speeds ranging from 19 to 30 knots in waves having a height of
approximately 40 inches (full-size) and a period of 3.6 seconds. Generally,

the vehicle appeared to operate very well under these conditions.

DiSCUSS IOM OF RESULTS

Drag and heave were measured at the drag apparatus, which was mounted
at the towing carriage. The test mode! itself was equipped with trim and
forward foil angle indicators. The effective angle of attack of the foils
is arrived at by adding the trim angle assumed by the model hull to the

indicated foil angle.

The test results obtained at the fixed forward foil settings of 11,
5, 2, and 1/2 degrees, and a rear foil setting of 2 degrees, are presented
in graphical form in Figures 16 through 23 on Pages 22 to 29, with Drag, Effec-

tive Horsepower, Heave and Trim plotted versus Speed.

Figure 16: The results for the 11 degree setting are shown on Page
22. The front wheels cleared at the surface at 12.5 knots, and all the
wheels cleared at 13.5 knots. Strong porpoising action occuired when the
model was entirely hydrofoil supported. The drag was relatively high due
to the excessive forward foil angle of attack (up to 21 degrees), resuiting

from the high trim angles assumed by the hull.

Figure 17: The 5 degree results appear on Page 23. The take-off
speed was approximately the same as for the 11 degree setting. The drag,
however, was somewhat lower throughout the speed range. The maximum forward

foil angle of attack was approximately 17 degrees.

Figure 18: The test results for the 2 degree setting are shown on

Page 24. The take-off speed of 14.2 knots was higher than for the larger

- ]9- s
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foil angles. Maximum model drag was of the same crder of magnitude as for
the 5 degree setting. The maximum angle of attack for the feils did not

exceed 14 degrees.

Figure 19: The 1/2 degree test results are presented on Page 25.
Take-of f speed in this case was about 14 knots. The drag at this setting
was comparable to that of the 2 and 5 degree tests. Hull trim was higher
than for the other foil settings tested, however, the maximum fuil angle

of attack was lower than for the 5 and 11 degree settings.

The heave, trim, drag and effective horsepower for the above foil
angle settings are compared separately in Figures 20 through 23 on Pages
26 through 29.

Various spot checks also were made during the course of the test

program, and the results are discussed briefly below:

At a forward foil angle setting of -1 degree, the negative 1ift
produced prevented the model from assuming a positive trim angle. As a
result, the bow wave rolled over the mode! bow before take-off speed could

be attained,

in an attempt to reduce the excessive trim angles, the setting of

the rear foil with respect to the model was varied.

At a rear foil angle setting of 6 degrees and a forward foil angle
of 5 degrees, the model trim was reduced to 7 degrees at a speed of 13.8

knots. The drag obtained was 4100 1b.

The same rear foii setting of 6 degrees, with the forward foils
seif-adjusting to 4 degrees, produced a trim angle of 6 degrees at 16 knots,

The drag in this case was 1750 1b.

At a rear foil setting of L4 degrees, the forward foils ce!f-adjusted
to 2 degrees at 16 knots, giving a trim angle of 7 degrees and a drag of
1400 b,

The rear foil was then reset to its original setting of 2 degrees, and

the center of gravity of the DUKW was moved forward of its design location.

AT o, N
Ghipe A tree ot
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+
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Shifting 4,000 1b. from the design C.G. to a point 100 inches
forward, resulted in the front foils self-adjusting to 4 degrees at a

speed of 16.1 knots. The drag was 1100 1b. and the trim, 7 degrees.

4,000 1b. were added to the DUKW at a point 60 inches forward of
the design C.G. This gave a total vehicle displacement of 30,000 1b.
At a speed of 16 knots the forward foil angle reading was | degree, and

the trim, 8 degrees. The drag reading was 2150 1b.

Photographs of the model under various test conditions are shown
in Figures 24 through 28 on Pages 30 through 34.

- 21 -
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TOWING TESTS OF A 1/10-SCALE DUKW EQUIPPED WITH HYDROFOILS

DISPLACEMENT - 26,000 LB.
L.C.G. - 214 IN. AFT OF BCW

SPEED - 4.7 KROTS

FWD FOILS FIXED AT 2°
TRIM - 12°

REAR FOIL FIXED AT 2°

T T

. -

o

-3
R e

2
4

SPEED - 15.3 KKOTS

FWD FOILS FIXED AT 5°
TRIN - 8°

REAR FOIL FIXED AT 6°

Figure 24
30
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TOWING TESTS OF A 1/10-SCALE DUKW EQUIPPED WITH HYDROFOILS

DISPLACEMENT - 26,000 LB.
L.C.6. - 214 IN. AFT OF BOW

FWD FOILS FIXED AT 5° SPEED - 15.8 KNOTS
REAR FOIL FIXED AT 6° TRIN - 7°

FWD FOILS AUTOMATIC SPEED - 17.5 KNOTS
REAR FOIL FIXED AT 2° TRIM - 10°
FWD FOIL READING 0°

Figure 25
31
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TOWING TESTS OF A 1/10-SCALE DUKW EQUIPPED WITH HYDROFOILS

DISPLACEMENT - 26,000 i3.
L.C.G. - 214 IN. AFY OF BOW

FWD FOILS AUTOMATIC SPEED - 18.%
REAR FOIL FIXED AT 2° TRIN - 8°
FWD FOIL READING 0.5°

FWD FOILS AUTOMATIC SPEED - 8.4
REAR FOIL FIXED AT 4° TRIM - 7°
FWD FOIL READING 2°

Figure 26
32
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TOWING TESTS OF A 1/10-SCALE DUKW EQUIPPED WITH HYDROFOILS

DISPLACEMENT - 30,000 LB.
4,000 LB. ADDED TO DUKW 60 I{N. FWD OF DESIGN L.C.G.

FWD FOILS AUTOMATIC SPEED - 16.0 KNOTS
REAR FOIL FIXED AT 2° TRIM - 8°
FWD FO!L READING 3.5°

FWD FOILS AUTOMATIC SPEED - 21.0 KNOTfS
REAR FOIL FIXED AT 2° TRIM - 7°
FWD FOIL READING 1°

Figgge 27
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TOWING TESTS OF A 1/10-SCALE DUKW EQUIPPED WITH HYDROFOILS

DISPLACEMENT - 26,000 LB.
L.C.G. -~ 2i4 IN. AFT OF BOW
WAYES - 40 IN. HIGH, 3.6 SEC. PERIOD

FWD FOILS AUTOMATIC SPEED - 19.0 KNOTS
REAR FOIL SET AT 2°

FWD FOILS AUTOMATIC SPEED - 24.0 KKOTS
REAR FOILS SET AT 2°

Figure 28
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CHAPTER 111

TOWING TESTS OF THE AMPHIBIOUS DRAKE (XM-157)
WITH AN ASSESSMENT OF THE EFFECTS OF MODEL SCALE
AND TOWING TANK SIZE

by
T. R. Gondert

J. P. Finelli

January 1957
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OBJECTIVE

The objectivesof the tests reported in this chapter are (1) to determine
the towing resistance of the DRAKE (XM-157), both in the wheels-up and wheels-
down positions, (2) to determine the effect of mcde! size on the measured
towing resistance of the DRAKE (XM-157), and (3) to determine the effect of
towing tank size on the measured resistance of the DRAKE (XM~157).

INTRODUCTION
The DRAKE (XM-157) is an 8 x 8 wheeled amphibious vehicle with an

over-all length of 41 feet and a beam of approximately 10 feet., Its suspen-

sion is so designed as to permit partial retraction of the wheels into the
hull.

The Davidson Laboratory constructed two models of this vehicle: one,
a 1/10-scale model (A = 10), to be used solely for towing tests; the other,
a 1/6.418-scale model () = 6.418), be used for either towing or self-propelled
tests. Photographs of these models are shown in Figure 29 on Page 37. Further-
more, the Davidson Laboratory has among its facilities two towing basins in
which tests of amphibious vehicles are normally conducted. The smaller, Tank
1, has a semicircular cross-section and is 4.5 feet deep, 9 feet wide and 100
feet long. The larger, Tank 3, is rectangular in cross-section and is 6 feet

deep, 12 feet wide and 300 feet long.

TEST RESULTS

Towing tests were conducted using both models, All test results are

presented as Effective Horsepower versus Speed in Figures 30 and 31 on Pages

38 and 39. All readings sre in terms of full-size equivalents.

The 1/10-scale modei DRAKE was tested in Tank ! over a range of dis-
placements to determinz the effect of wheel position {up or down) on resist=
ance. As can be seen from Figure 30, the effect is appreciable, especially
at the higher speeds., For example, at 9 mph the effective horsepower for the
wheels~down position is approximately 10 higher than for the wheels~up posi-

tion, at all displacements tested.

- 35 -




R-726-11

The effects of model size and towing tank dimensions are shown in
Figure 31. Again, the 1/10-scale model was towed in Tank 1 while the larger
model was tested both in Tank | and Tank 3. The results obtained from the
tests of the 1/6.418~scale mode! in Tank 3 and the 1/10-scale model in Tank
| are ideatical. Towing the larger mcdel in Tank 1 produced siightly higher

readings. It Is assumed that this was due to the presence of wall effects.
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1/1C-SCALE MODEL AMPHIBIOUS DRAKE (XM-157)

FIGURE 29
37
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CHAPTER iV

EFFECT OF VARIOUS HULL MODIFICATIONS
ON THE RESISTANCE CHARACTERISTICS GOF THE DRAKE (XM~157),

BASED ON TESTS OF A 1/10-SCALE MODEL

by

T. R. Gondert
J. P. Finellij

January - July 1957
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Towing tests of a 1/10-scale model of the DRAKE (XM-157) were con-
ducted in Tank | of the Davidson Laboratory late in January and in Tank

11l during February 1957. The following model configurations were tested:

Test B3: Standard DRAKE with wheels and skirts - mean draft = 23.2"
Test B4: Wheels off, skirts on -~ mean draft = 32.0"

Test C5: Wheel apertures filled in - mean draft = 28.0"

Test C6: Wheel apertures filled in, modified bow - mean draft = 27.8"
Test D7: Wheel apertures and propeller pockets filled in

Test E9: Wheel apertures filled in, simulated wheel covers added -
mean draft = 28.1"

The form of the bow modification used in Test CG is shown in the
sketch of Figure 32. The bow range angle was set at 30° as suggested by
previous work reported in the article "A STUDY OF BARGE HULL FORMS," which
appeared in the A.S.N.E. Journal of November 1956.

in Test D7 the additional floatation provided by filling in the
propeiler tunnels caused the vehicle to assume a stern-high trim anale.

Under the new condition, drafts were 29.8 in. at the bow and 23.2 in. at
the stern.

Tests B3, BW4, C5, C6 and D7 were conducted at a displacement of 43,800 Ibs.

with the L.C.G. Located 10 ft. aft of the centerline of the front wheels. Test
E9 was conducted with the model loaded to give approximately the seme draft
as for tests B3 and C5.

The resuits of the tests are pilotted in terms of Resistance versus
Speed (Figure 34) and Effective Horsepower vs. Speed (Figure 35). The re-
sults of Tests 83 and BL have been expanded simply by the factor ks (i.e.,
1000). In the case of Tests (5, C6 and E9 the Schoenherr Friction Fomula-
tion was used for both model and prototype.

The simulated wheel ccvers added for test Ex “see Figure 33, Page 43)
extended sufficiently beyond the vehicle wheel base, front and rear, to
permit fairing the covers onto the hull. |t can be seen from the graphs
of the test results that the addition of wheel covers produccs a definite
improvement in performance over the standard DRAKE (Compare Test EY to

Test B3). E9 does not show up quite as well as Configuration C5, however,
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from a practical design and mechanical viewpoint it may be much simpler

to add wheel covers to an amphibian than to retract the wheelcs.

The photographs of Figure 36 are representative of the conditions
of Test B3. Figure 37 shows the model in operation during test €5, Figure 38

illustrates the model during test C6, and Figure 39 shows the model during
test D7.

-4 -
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BOW MODIFICATION

FOR

41-FOOT AMPHIBIOUS VEHICLE XM 157 ("DRAKE")

ETT PROJECT NO. 182!
(1710 SCALE MODEL NO.1€02)

ORIGINAL
B0OW
B80W DRAKE MODIFICATION
Figure - 32
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TOWING TESTS OF AMPHIBIOUS DRAKE (XM-157)

TEST E-9: DRAKE WiTH SIMULATED WHEEL COVERS

3/4 FRONT VIEW

3/4 REAR VIEW

Figure 33
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TOWING TESTS OF AMPHIBIGUS DRAKE (XM-157)

TEST 2-E: WITH WHEELS AND SKIRTS
L.C.6. - 120 I®. AFT OF FRONT WHEEL CENTERLINE

- — L

DISPLACEMENT - 41,000 LB. SPEED - 6.9 MPH

DISPLACEMENT - 41,000 LB. SPEED - 10.0 MPH

46

|
I
I Figure 3%
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TOWING TESTS OF AMPHIBIOUS DRAKE (XM-157)

TEST C-5: THEEL APERTURES FILLED I

1..C.G. ~ 120 k. AFT OF FRONT WHEEL CENTERLIGE
E

g i

E

; DISPLACEMENT ~ %3,800 LB. SPEED - 6.9 MPH
e MEAN DRAFT - 28 IN.

; o I A T EO vt e mamn i

b e adincn <oV ‘v”;.,_

3 D LSPLACEXENT - 43,800 L8B. SPEED - 9.7 MPH
E WEAR ORAFT - 25 IN.

j ‘ Figure 37
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TOWING TESTS OF AMPRIBIOUS DRAKE (XM-157)

TEST C-6: MNODIFIED BOW, WHEEL APERTURES FILLED IN
L.C.6. - 120 IN. AFY OF FROAY WHEEL CENTEFLIRE

DISPLACEMENT - %3.800 LB. SPEZD - 6.3 NPH
MEAK DRAFT - 27.8 IN.

‘. Di SPLACENENT - ¥3,800 L8. SPEED - 8.7 MPH
o NEAK DRAFT ~ 27.8 IN.
§
‘. Figure 38
48
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TOWING TESTS OF AMPHIBIOUS DRAKE {XM-13T7)

TEST D-7: WHEEL APERTURES ARD PRCPELLER TUNNELS FILLED 1IN
L.C.6. - 120 IN. AFT OF FROMT WHEEL CENTERLINE

DISPLACEMENT -~ 43,800 LB. SPEED - 6.9 MPH
MEAN DRAFT - 26.5 IN.

D ISPLACEMENT - 43,800 L8. SPEED - 9.7 MPH
MEAN DRAFT - 26.5 IN.

Figure 39
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SELF-PROPELLZD TESTS
Of A

1/6.418-SCALE MODEL DRAKE (XM-157)

by
7. R. Gondert

J. P. Finelii

January 1957
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INTRODUCT ION

Self-propelled tests of a 1/6.418-scale mode! DRAKE (XM-157) were
conducted In Tank 1 and Tank 3 of the Davidson Laboratory. The DRAKE is an
8 x 8 wheeled amphibious vehicle with an overali length of 41 feet and a
width of approximately 10 feet. Propulsion in water is by means of retract-

able, twin propellers mounted on parallel shafts.

TEST RESULTS

Testsin Tank | were conducted in order to determine: _
(1) The effect of varying the propeller shaft angle with respect
to the horizontal.
(2) The effect of varying the tip clearance between propeliars,
(3) The effect of rotating both propellers in the right-hand direction
instead of outboard.
The tests i Tank ? were conducted in order to obtain performance character-
Istics of the DRAKE {XM-157) at a propeller tip clearance of 6 Inches and a
shaft angle of 15 degrees. The propellers were rotated outboard.

For the p-:rposes of the present tests all runs were made at a dis-
placement of 45,000 b, 1In all cases the L.C.G, of the vehicle was locat~d
10 feet aft of the centerline of the front wheels. The propellers used ! d
a diameter of 31.0 inches and a pitch of 24,5 inches. F

A1l dimensions and test results in this report are given in terms -7
full-size equivalents.

In figure 40, page 53, Propeller RPM and Shaft Horsepower arc plotted
versus Speed, for various propeller shaft angles. The prope!ler tip clearance
in these tests was 10 inches and both propellers were rotated outboard. Note
that vehicle performance improves as the shaft angle is increased. The d:~-
ference between the 3 degfee and 15 degree settings Is appreciable throughsut

the entire speed range.

In figure 41 RPM and Shaft Horsepower are plotted versus Speed, for

different propeller tip clearances. A shaft angle of 15 degrecs was u- 2d,

- 50 -
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and propeller‘rotatIOn was outboard., Differences in results for 2, 10 and
16 Inch tip clearances were small up to a speed of approximately 8 mph.
Above 8 mph the 2 inch condition was poorest. The 10 inch and 16 inch cases

remained fairly equal.

Figure 42 again shows the effect of varying propeller tip clearance
In the case when both propellers were rotated in the right-hand direction.
The propeller shaft angle remained at 15 degrees. Tests were run only at
2 and 16 inch tip clearances. Again the larger clearance gave superior
" results, however, differences were not as great as that experienced with

counter-rotating propellers (Figure 41},

Figure 43, page 56, compares outboard and right-hand propeller rota-
tion at a tip clearance of 16 inches. The propeller shaft angle was 15
degrees. Outboard rotation is seen to be superior throughout the complete
speed range. Although the results are not plotted, this also proved to be
the case at 2 inch tip clearance and 15 degree shaft angle.

Tank 3 propeiler RPM and shaft hofsepower were determined over a
range of vehicle speeds. Comparison of Figure 4k, page 57 with Figure 41,
page 54 shows that both the RPM and SHP obtained in Tank 3 are slightly
higher throughout the speed range than the results obtained previously in
Tank 1. The reason for this difference is unknown.

With the DRAKE, as with other seagoing craft, interaction between the
propellers and hull results in the loss of useful thrust developed by the
propellers. Therefore, the developed thrust, T, must be greater than the
ship resistance, R, at any given speed. The term (T - R)/T is called the
thrust deduction fraction, usually denoted by the letter "t''. Furthermore,
due to skin friction, appendages, hull shape, etc., which affect the flow
conditions in the region of the propellers, the relative velocity of advance
of the propellers in the water, Va, is generally different from the ship speed
V. The difference, V-Va, is the wake velocity and the term (V - Va)/V is
called the vake frzction, denoted by the laxtter ''w!,
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Figure L5 presents a plot of the DRAKE Thrust Deduction Fraction

- and Wake Fractlion versus Speed.
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CHAPTER Vi

RESISTANCE AND TRIM CHARACTERISTICS
OF A V-BOTTOM PLANING HULL

WITH THE SAME OVERALL DIMENSIONS AS THE DUKW

by
. 0. Kamm

J. P. Finelli

February 1957
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This chapter presents the results of tests performed on a V-
bottom planing hull at Stevens Institute of Technology on 24 and 25
January, 1957. The test modei was constructed so as to have the
same overall dimensions as a 1/10-scale DUV mcdel previously tested
(Chapters 1 and 2), and has the general shape shown in the accom-

panying sketch.

3z.a"

SCALE =L

10

The full-size dispiacement was kept constant at 26,000 ib.
throughout the tests. The L.C.G. was located at 212.9 inches aft of
the bow, thereby producing level static trim. The model was towed

over a wide range of speeds and had freedom to pitch and heave.

The resistance data, presented as effective horsepower (see
Figure 46 on Page 6!}, are expanded to full-size predictions based
on Schoenherr!s Friction Formuiation for both model and prototype.
Comparisons with Figure 3, Page 5 will show a greatly reduced EHP

over the entire speed range. {Note different scales used in Figures

5 and L6).
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The trim rezadings shown in Figure 47 on Page 62 are the vertical
movement of the bow and stern respectively, expanded linearly by the

scale factor,

Photographs taken during testing are shown in Figures 4f and 49,
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TOWING TESTS OF V-BOTTOM PLANING
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OBJECTIVE

The main objective of the tests reported in this chapter was to
determine the resistance and trim characteristics in still water of a 40-
foot V-bottom planing hull amphibian with low chine forward (designated
the SEA-HORSE 8) designed by the U.S. Army Tank-Automotive Command (ATﬁC).

A secondary objective was to compare the resistance of SEA~HORSE B
with that of another ATAC planing amphibian design (called the SEA-HORSE A)
which was evaluated by the Food Machinery and Chemical Corporation of San

Jose, California.

INTRODUCTION

The SEA-HORSES, A and B, are wheeled amphibian concepts designed to
transoort 5 tons of cargo at water speeds exceeding 25 miles per hour. A
1/10-scale model of the SEA-HORSE A was constructed by Food Machinery in
ac >rdance with ATAC Drawing No. LK-7627 and tested at the University of
Ca.ifornia Ship Model Tank., A 1/16-scale medel of SEA-HORSE B (Figure 50,
Page 68) was constructed by ATAC in accordance with ATAC Drawing No. LK-7687
and loaned to the Davidson Laboratory of Stevens Institute of Technology for

test purposes.

These tests were performed in the Tank 3 during the last week of
March 1959.

JEST PROCEDURE

The SEA-HORSE B was tested in still water at three displacements and
two longitudinal center of gravity locations. The equivalent prototype dis-
placements were 21,000, 26,000 and 31,000 1b., The L.C.5. locations were at
55% and 60% of the overall length aft of the bow. In all cases the vertical
center of gravity of the vehicle was assumed to be 2 fecet above the keel,
and the propeller thrust line 13 inches beiow and parallel to the keel (all

dimensions are full-size equivalents).

Resistancz (ib.) and running trim {degrees) were measursd over a

range of prototype speeds from approximately 5 to B0 knots.
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Upon completion of the still water test program, the model was toved
at various speeds in regular waves (head seas) approximately 4 feet high and
120 feet long, and also in irreqular waves. No test readings were taken
during these runs but the model behavior was kept under clecse visual obser-

vation,

The SEA-HORSE A was tested only at 26,000 1b, with the L.C.G., lccated

at 62% of the overall length aft of the bow. Only resistance data was taken,

TEST RESULTS

The still water test results for SEA-HORSE B are presented in full-
scale equivalents in the graphs of Figures 51 through 55 on Pages 69 through

73.

Figures 51 and 53 show the resistance plotted against speed for the
three test displacements, at the L.C.G. locations of 60% and 55% respec~
tively, Effective horsepower versus speed, for the same test conditions,
is plotted in Figures 52 and 54. The running trim for all test conditions

is plotted versus speed in Figure 55.

Figure 56 on Page 74 compares the EHP required for the SEA-HORSE A
and B concepts at a displacement of 26,000 1b., For SEA-HORSE A the L.C.G,
was at 62% of the overall length aft of the bow; for SEA-HORSE B the L,.C.S.
was 60% aft of the bow. This small difference is nct considered to be

important from the point of view of nydrodynamic resistance.

CONCLUS IONS

1. The SEA-HORSE B concept compares favorably with respect to resis-
tance in still water with other high-speed wheeled amphibian designs presented

tested by the Davidson Laboratory in previous chapters.

2. For a given displacement, the resistance at planing speeds for
SEA-HORSE B is less with the L,C.G, located at 60% of the overall length
than with the L,C.G., at 55%.
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3. For a given displacement, the running trim of SEA-HORSE B is
less with the L,C.G, located at 55% than with the L.C,G. at 60%.

L., The resistance of SEA-HORSE B, and therefore the EHP required,
ts significantly lower than that of SEA-HORSE A, For example, at 25 knots
the EHP for the B concept is 300; for the A concept, 470,

5. Although no quantitative tests were run in waves, it is felt
that the round blunt nose and the low chine forward of SEA-HCRSE B would

severely impair its effectiveness in even moderate seas.




R-726-11

-SCALE MODEL OF SEA-HORSE B

‘16

1/

(OTAC DRAWING NO. LK 7687)

Figure 50
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i NTRODUCT iON

This chapter presents the results of tests conducted on models of a
V-bottom planing hull. The vehicle under consideration had a design speed of
25 knots and a design displacement of 31,000 lbs. The hull lines were
designed by Dair N. Long, Naval Arc! itect and Marine Engineer, Newport Beach,

Catlifornia.

Model 2037 was constructed with provisions for a wide variety of pre-
planned configuration changes {A through G). The results -7 these tests led
to the construction of a mode! 2300, which improved the basic configuration
of 2037(g}.

MODEL DESCRIPTION

Mocel 2037 (Figure 57, page 85) has an over-all length (full scale) of
40 feet and a maximum beam of 10 feet. The transom i: verpendicular to the
keel snd is stepped. A propeller tunnel was simulated to mode! scale. Modi-

fications made to this model can be tabulated as follows:

Configuration

Symbol Modification Fiqure No.
A Rear wheel wells compietely filled by 59

wooden blocks

B Rear wheel wells open, with skirts and 53
retracied wheels in position

¢ Bottom shield added to rear wheel wells 88
with side skirts and retracted wheels
in position

) Rear wheel wells open, with skirts, but 71
no wheels

£ Same as condition B, but wheels retracted 74
7 inches {fuil-size} above '""flush bottom"
itnes

F Rear wheels moved out; pockets open at 81

bottom and sides

G Resr wheels in position ''F', front wheels 84
in place, pcckets open at bottom and sides
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Model 2300 (Figurs £8) was made to refine the lines of model HN 2037
(6). The basic hull dimensions were kept the same, but the beam was increased
to 10.5 feet. The model wheels were sc-led according to the 18:"" x 25 tire
size. The centerline of the front wheels is 11.8 feet from the bow and 5.25
feet above the keel. The wheel base is 21 feet and rear wheel centerline is
53 inches above the keel. The model has a double chine starting aft of the
forward wheel pockets. There was no simulation of the propeller tunnel and

the transom was inclined to the keel.

in order to make the weight distribution comparable to other similar
models, Model 2300 was ballasted to a moment of inertia of 8.45 x lOu s lug
ft.z, respectively. The bow accelerometer was mounted 2 inches aft of the
bow tip and the C.G. accelerometer was mounted on the 55% L.C.G. position on

the sheer line of the model.

TEST SETUP_AND APPARATUS

For smooth water tests, the models were connected to a towing appa-

ratus by means of a pivot located at the center of gravity of the model.

They were ballasted to each of the desired center of gravity and displacement
conditions. The vertical component of propeller thrust due to the inclined
propeliler shaft line, and the moment due to the pivot being located above the
propeller shaft line were both corrected for in the ballasting. The vertical
center of gravity was fixed at 38 inches above ths keel. Station lines were
painted on the model and tufts were attached to the model so that the flow

pattern could be observed.

Initially, the tests were conducted in Towing Tank No. 3 with the
Lift-Drag apparatus. As tests proceeded, it became apparent that the differ~
ences between different medels were smaller than that apparatus could measure,
Therefore, later tests were conducted on the more accurate Friedida apparatus.
The Lift-Drag and Friedida appa-atus both have the facility for unloading the
weight that must be added for the moment and irim corrections. Both pieces
of apparatus permit the model to heave and trim, but restrain the model in yaw

and roll.
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The rough water tests were performed with a '"free to surge' apparatus
which permits the model complete longitudinal freedom as well as freedom in
heave and pitch. A servo-control system responds to the relative position of
the main carriage with respect to the auxiliary subcarriage to which the model
is attached. At the start of a test run the subcarriage and main carriage are
locked together. When the model is fully accelerated and has reached the ref-
erence point in the wave pattern, the subcarriage is unlocked from the main
carriage and is permitted to move longitudinally relative to the main carriage.
The servo~-controlled system is designed to cause the main carriage to align

itself with the subcarriage regardless of speed or acceleration of the sub-

carriage.

A constant horizontal thrust force is applied to the model through a
special spring. With this system of constant spring ferces, a propeller thrust
can be simulated, causing the model to move relative to the main carriage. This
applied thrust force is equal tc model resistance when the model attains a con-

stant speed,

A plunger-type wavemaker is used to generate either regular or irregular

waves. A parabolic beach is used to absorb the energy of the generated waves,

TEST PROCEDURE

The test schedules for models HN 2637 A through G are shown in Tables
| and i1, Table | lists the test performed with the Lift-Drag apparatus, and

Table 1l those tests performed with the Friedida apparatus.
Model HN 2300 was tested with the Friedida apparatus only. The test
conditions were as follows:
Displacement, 1b. 26,000 31,000

tongitudinal CG, % of
over-all lengtk from bow

55 55
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TABLE |

Test Schedule of Model 2037
With Lift-Drag Apparatus

Smooth Water Tests

Displacement (1bs.)

L.C.G, in% of O,A.L, from Bow

21,000

31,000

26,000

60.2 | 5§

60.2 ; 55

60.2

55

50

Confiquration "A'':

Rear Wheel Wells Completely Filled
by Wood Block

Confiquration ''B":

Rear Wheel Wells Open, With Skirts
and Retracted Wheels in Position

Confiquration "'C':

Bottom Shield Added to Rear Wheel
Wells with Side Skirts and
Retracted Wheels in Position

Confiquration ''D'':

Rear Wheel Wells Open, with Skirts
but no Wheels

Confiquration "'E'':

Same as Configuration "'B", but
Wheels Retracted 7 inches (F.S.)
Higher (Wheel Periphery 7 finches
Above '"Flush Bottom' Lines.)

Yo}

}

[ )

_.d:

Poremenen, §

Wed bt
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TABLE 11

Test Schedule of Model 2037
With Friedida Apparatus

Smooth Water Tests

Displacement (1bs.) 26,000 1bs.

31,000

L.C.G., In % of 0,A,L, from Bow 60,2 55

un
o

Confiquration '"A'':

Rear Whe=1 Wells Completely Filled
by Wood Block

Confiquration ''E':

Same as Configuration '"B'', but
Wheels Retracted 7 inches (F.S.) X X
Higher -(Wheel Periphery 7 inches
Above "Flush Bottom' Lines.)

Confiquration ""F'':

Rear Wheels Moved Out; Pockets X X
Open at Bottom and Sides

Confliguration "G!':

Rear Wheels as in Configuration
YF''s Front Wheels in Place, Pockets
Open at Bottom and Sides

-79-
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When constant speed was obtained, hydrodynamic resistance, trim and
heave motions were read from the scales on the towing carriage. An air tare

of the carriage was subtracted from these readings.

All trim readings were recorded with the static water line as zero
reference. A bow-down attitude is considered a minus trim and a bow-up

attitude a plus trim,

To be assured of similar tank turbulence conditions, all tests were
run in cycles of 3 minutes. A surface-piercing turbulence wire 0.040 inches
in diameter was towed ahead of the model on the centerline to provide a tur-

bulent buundary layer.

The speed range tested was from approximately 6 knots to 40 knots

(full scale). Surface and underwater pictures were taken for each test run.

The wave condition considered for the tests was 3 ft. x 60 ft. (full
L wave

L model
ical for satisfactory performance. All tests were started at a specific wave

scale) which gives a = 1.50. This ratio is considered the most crit-
entry condition and run at S5-minute cycles to be certain of test-to-test

similarity.

During each run in waves, a time history of model speed, heave and
pitch motions, accelerations at the C.G., and the bow, and the wave pattern

were recorded on calibrated oscillograoh tapes.

The heave and pitching motions were measured with linear differential
transformers. Both heave and pitch were recorded with zero reference being
static waterline condition. Plus heave values are measured from static water-
line upward and negative heave values are below the static water line. A
bow-up pitching motion relative to static water line is plus and bow-down is
minus. Impact acceleration at C.G. and bow were measured by linear differ-

entiai transformers having a range of thQ.

- 80 -
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TEST RESULTS

Figure 59, page 88, shows configuration 2037 (A), which represents the
design of a wheeled amphibian using retractable wheels stored in water-tight
enclosures to ferm an ideal planing hull. This configuration was considered
the basic hull and its performance served as a reference base line & r evaiua-
tion of future hull modifications. A plot of its EHP vs. speed is shown in
Figures 60 and 61. Surface and underwater photographs of this model, taken

during tests, are shown in Figure 62.

Configuration 2037 (B) (Figure 63) represents the elimination of
rear wheel enclosures. The position of the bottom of the wheel was made to
be flush with the hull bottom of Model 2037 (A) and represents the simplest
retraction made. Comparison of tests with Model 8 (Figures 64, 65 and 66)
with those of A (Figures 60 and 61) shows a degradation in performance.
Examination of underwater photographs (not shown) revealed that the wheels
were protruding into the water flow. A surface photograph is shown in
Figure 67.

Configuration 2037 (C) (Figure 68) represents the use of flooded
rear wheel compartments as opposed to Model 2037 (A} where the compartments
are assumed to be watertignt. |In this case water is free to leave or
enter the wheel compariments as the dynamics of the vehicle dictate. Uue
to flow separation at the trailing edge these compartments actually drain
when planing speeds are reached. Comparison again between the £4P of
configuration C (Figure 69) with that of configuration A (Figures 60 and 61)
shows essentially equal performance. A surface photograph oi the model test

is shown in Figure 70.

In an effort to establish how far the flow penetrated into the wheel
well, the wheel was completely removed from the model, yieiding configuration
2037 (D) (Figure 71). Comparison of its EHP performarce (Figure 72) with
that of configuration B (Figure 65) shows improvement in performance, but

somewhat less than configuration A (Figure 61).

Based on examination of the underwater photographs taken during tests

with Model 2037 (D) (Figure 73), the wheel was remounted sufficiently high not

- 8] -
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to protrude into the slip stream past the open wheel well. Configuration
2037 (E) (Figure 74) was the result. Fxamination of the test results of
configuration E (Figure 75) shows that the data coincided with that produced
by configuration O (Figure 72).

At this point in the program it became apparent that the differences
in performance being sought could .ot reliably be measured by the Lift-Drag
appatatus being employed. All further tests were therefrre conducted on the
more accurate Friedida apparatus. Figures 77, 78, 79 and 80 were generated to

establish base lines for configurations A and E with the new apparatus.

The wheels of configuration 2037 (F) (Figure 81) were mounted at the
same height as those in 2C37 (E), however, the side and rear of the wheel
compartments were removed and the wheels were displaced outward so that their
outer Taces were flush with the huli sides. Comparison of test results (Figures
82 and 83) with those obtained with 2037 (E) (Figures 79 and 80) shows no sig-

nificant difference in performance between the two configurations.

Configuration 2037 (G) (Figure B4) was constructed to study the effects
of open front wheel wells. The stern half of the model is the same as 2037 (F).
in model G, the front edge of the wheel cut-out was designed for clean flow
separation, and the rear edge was made to coincide with the waterline inter-
section at design speed, as taken from underwater photographs (see Figure 62).
The data generated with 2037 (G) (Figure 85) showed roughly equal performance
with Model F (Figure 82) up to approximately 18 knots. However, above that
speed the EHP generated by G is appreciably higher than F. Surface and under-
water photographs of 2037 (G) are shown in Figure 86.

In order to improve the flow characteristics at the higher speeds, Model
2300 was designed to yield the same basic ideas as presented in 2037 (G). but
with improved treatment aft of the front wheel cut-outs by, in essence, repeating
the bow hull shape (see Figure 87). The results of tests with 2300 (Figure 88)
showed about equal performance with 2037 (G) (Figure 85) up to about 20 knots.
Above that speed, however, there was marked improvement up to, and above design
speed (25 knots). Surface and underwater photographs of this model are shown

in Figure 89.
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At zero speed the hull had a water line such that rear and front wheels
projected slightly below the water. At 13.1 knots the trim was about +6.2
degrees. At this speed a large spray blister formed, starting at intersection
No. 22. Becausz of the high trim and heavy displacement, a large '‘rooster
tail" spray formed aft of the huli. As can be seen from Figure 89, at 15.9
knots the bow spray intersects the bottom of the wheel adhering to the curve
of the wheel, resulting in water entering the aft section of the model. At
18.7 knots, trim was the highest and the forward wheel was free of any water
adherence. Speeds beyond 18.7 knots showed relatively cleaner spray conditions.
There was an appreciable amount of turbulence in the aft portion of the front

wheel pocket which decreased with increasing speed.

Figures 90, 91 and 92 show the performance of Models 2037 {A) and 2300
in waves. The speed quoted for each run is an average speed, since the longi-
tudinal freedom of the model resulted in speed fluctuation due to the varying

resistance as the model went through various portions of the generated waves.

Figure 90 compares the effective horsepower characteristics of the two
models in smooth and rough water. For Model 2037 (A), the rough water EHP at
25 knots is 540, compared to the smooth water EHP of 380. The ratio of rough
water to smooth water EHP is about 1.4 at 25 knots and increases to about 1.5
at 35 knots. For Model 2300, the ratio of rough to smooth water EHP is %%% =

1.25 at 25 knots and increases to 1.30 at 35 knots.

The most severe pitching motion for Models 2037 (A) and 2300 was
encountered at the lower speed range (see Figurz 91}. During this speed range
the model had negative as well as positive trim values. At the design speed,
the model no longer followed the wave contour but started to penetrate the

waves, resulting in lower pitch motions.

The limits of heave motions are shown in Figure 92. At a speed of 7
knots the models heaved to a maximum upward and downward value of appro:imately
20 inches, a total excursion of near L0 inches (full size). For design speed

conditions, the heave excursion is greatly reduced to approximately 13 inches,

- 83 -
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0f special interest are the maximum accelerations experienced on deck.
Figure 93 shows the accelerations experienced at the Model CG and at the bow,
The steeper trim angle developed by Model 2300 results in more impacts at the

bow and larger accelerations,

CONCLUS iONS
The tests described in this chaptei yield the following conclusions:

1. Wheel housing closures, especially forward ones, are subject to
excessive impact loading even in moderate sea state at design
speed, thereby requiring excessive structural strengthening.

2. Retracted wheels in an exposed position are practical, provided
that wheel cuiouts are shaped such as to cause minimum flow
interference.

3. locating the retracted wheels in open wheel wells results in an
increase in required EHP of approximately 25% over that required
for a completely smooth hull, On first examination, this power
increase seems to be justified, and should be carefully weighed
against the mechanical complexity and weight of impact resistant
wheel well doors.

L4, The truncated hull resuiting from open wheel wells seems to pro-
duce 2 harsher ride than the basic boat hull in a comparable sea
state.

-84 -
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PLANING HULL WITH FOUR WHEEL CUTOUTS
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a. Rear View

b. Front View

FIG. 59 CONFIGURATION 2037(A) OF HIGH-CHINE™,
VEE-BCTTOMED PLANING HULL
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a. Surface View

FIG. 62

b. Underwater View

TOWING TEST‘GF 1/10 SCALED MODEL 9F HiGH-CHINED, VEE~BOTTOMED
PLANING HULL, CONFIGURATION 2037({A), DiSPLACEMENT
26,000 LB, LEG 60 2%, SFEED 26 KNOTS
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. 63 REAR VIEW OF CONFIGURATION 2037(B) OF
HIGH-CHINED, VEE-BOTTOMED PLANING HULL
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FIG. 67 TOWING TEST OF 1/10-SCALED MODEL OF HIGH-CHINED,
VEE-BOTTOMED PLANING HULL, CONFIGURATION 2037(B), DISPLACEMENT
26,000 LB, LCG $0.2%, SPEED 15.72 KNOTS
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a. Rear View

b. Front View

FIG. 68 CONFIGURATION 2037(C) OF HIGH-CHINED,
VEE-OTTOMED PLANING HULL
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FIG. 70 TOWING TEST OF 1/10-SCALED MODEL OF HIGH-CHINED,
VEE-BOTTOMED PLANING HULL, CONFIGURATION 2037(C),
DISPLACEMENT 26,000 LB, LCG 60.2%, SPEED 15.85 KNOTS
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FIG. 71 REAR VIEW OF CONFiGURATION 2037(D) OF
HIGH-CHINED, VEE-BOTTOMED PLANING HULL
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FIG. 73 UNDERWATER VIEW, TOWING TEST OF 1/10 SCALED MODEL
OF HiGH-CHINED, VEE-BOTTOMED, PLANI“G HULL,
CONF IGURATION 2037 (D)
DISPLACEMEI'T 26,000 LB, LCG 55%, SPEED 16 KNOTS
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FIG. 81 BOTTCM VIEW OF CONFIGURATION 2037(F)
OF HIGH-CHINED, VEE-BOTTOMED PLANING HULL
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a. Bottom View

b. Front View .

FIG. 84 CONFIGURATION 2037(G) OF HIGH-CHINED, n
VEE-BOTTOMED PLANING HULL
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a. Surface View
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b. Underwater View

FIG. 86 TOWING TEST OF 1/10-SCALED MOLEL OF HIGH-CHINED, VEE-BOTTOMED
PLANING HULL, CONFIGURATION 2037(G), DISPLACEMENT
26,000 LB, LCG 60.2%, SPEED 17 KNOTS
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b. Underwater View

FIG- 83 TOWING TEST OF 1/1G-SCALED MODEL OF HiGH-CHINED,
VEE-BOTTOMED PLANING HULL, MODEL 2300, W!TH FOUR
WrieEL CUTOUTS; DISPLACEMENT 31,000 LB, LCG 55%
OVERALL LENGTH AFT OF BOW, SPEED 15.9 KNOTS
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CHAPTER IX

MODEL TESTS OF AN ARTICULATED

PLANINE HULL WHEELED AMPHIBIAN

by
{. 0. Kamm

D. M. Uygur

November 1958
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OBJECTIVE

AN Tt Vil S A o i v ) ,;;;,M;M\

The objectives of the test program described In this chaptzr were:
}

e
R A NN

To determine the zffect of the location of the longitudinral

center of gravity {LCG) on the performance of a proposed artic-
ulated planing hull amphibian.

Ak

To determine what changes can be made to the hull design to

improve performance in water without compromising performance
on land,

Y
. . .
,-\;(;\?‘\,.,fﬂ PRSI

To determine the performance characteristics of the ''best!

hull design at its optimum practical LCG location,

INTRODUCT ION

As a continuation of the study program on high-speed wheeled amphib~ "
ious vehicles presented in Chapter VItl, studies of a hard-chine V-bottom

hull (articulated for land steering) which would have wheels that retract
into the hull were made.

The general characteristics of the nroposed fuli-size amphibian are
as foliows:

weight (empty), 1b

W

~ 20,000 -
weight (at vated locad) b -~ 30,000 2
length {overail}, ft - by =
beam {overall), ft - 1o %
Severai deslgns of this concept were prepared and a 1/10-scale mode! i
of the basic huil was constructed fov purpcses of testing. Altogether, four é
versions of the model were ussd, Photographs of the various configurations %i
are shown in Figures G, 95, 86 and 97. These caonfigurations can be des- :%
cribed briefly as follows: E
Confiquration A - This is the basic model as constructed, with a E%
curved step a2t the point of articulzstion. éﬁ
Confiquration B -~ The curved step is altered to a straight step. ég;
=
- 122 - vEE
ﬁ

!

r

'
i

.‘
s
y
A
4
» ',g‘

T et s gl

e
BRSRR R E  aei y




AU

hb 21¥

R-726-11

on slsc k the ctrai
LA ) LR A -

Confiquration € - Tnis configuration §is0
but the bow has been sharpened

nht cten.
raight ctep,;

Configuration D - The sharpened bow is retained but the step is
eliminated complietely.

TEST PROCEDURE

In all cases. the mode! was towed along its design propeller shaft
line. Every configuration was tested with various displacements and LCG's.
The model was always free to trim and heave. Trim angle readings were taken
w}th respect to the keel. All quantitative testing was done in smooth water
cnly. However, for obssrvation only, test runs also were made under
reqular and irreqgular wave conditions. Wave heights were of the order of
L feet, fuil scaie. Photographs of three of the models under test are
shown in Figures 106 to 108. The complete test schedule is presented in
Table i.

Table 1

Test Schedule of Articuiated Planing Hull

Displacement, Ibs.
21,000 22,250 30,000 40,000

Location L5.7 A, B D A,8 -

of LCG, 50 - - A,B,C,D A,B,C
% 53.3 - - D -
of 55 - - A,B ¢

iength 57 - - D -

NOTE. A,B,C and D are different configurations of model.

TEST RESULTS

All test results are expanded to prototype values by the factor of

3 3.5

A° for displacement, X for heave, /A for speed, and } for effective
horsepower, where for this model A = 10. Test resuits are presented as

speed versus effective horsepower and trim angle.

Figures 98 to 101 show speed versus effective horsepower and trim

angle of the four different configurations (A, 8, C, Dj. With increasing

- 123 -
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dispiacement, effective horsepower and trim angle are increased. Shifting
the LCG rearward decreases effective horsepower slightly but increases trim
angile.

Figures 102 to 105 show comparison curves of different configurations
for the same displacement and LCG. The effective horsepower curves show
that ail the data form a very narrcw band except for configuration D which
in most cases demonstrates superior performance. The trim angle curves show

very little difference between any of the configurations.

The air gap between front and rear hull, resulting from the articula-
tion joint, and the flow separation at the step {Configuration &), causes
air entrainment into the after-section In which the propeller is situated

{see Figure 106). This can result in serious loss of propeller efficiency
and should be avoided.
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a. Side View

FIG. 95 CONFIGURATION B, STRAIGHT STEF
AT POINT OF ARTICULATION
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FIG. 96 CONFIGURATION ¢, SHARFENED BOW,
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a. Side View

bh. Back View

FIG. 97 CONFIGURATION D, SHARPENED BOW,

NO STEP AT POINT OF ARTICULATION
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a. LURFACE VIEW: Speed 9.32 knots, ehp 82.6

b. UNDERWATER VIEW: Speed 27.4, ehp 485

FIG. 106 TCWING TEST OF CONFIGURATION A,

MODEL OF ARTICULATED PLANING HULL,

137

IN SMOOTH WATER
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a. SURFACE VIEW: Speed, 22.46 knots, ehp 386

b. UNDERWATER VIEW: Speed, 18.30 knots, ehp 478

FIG. 107 TOWING TEST GF CONFIGURATION B,
MODEL OF ARTICULATED PLANING HULL, IN SMGOTH WATER
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a. SURFACE VIEW: Speed 29.7 knots, ehp 697

b. UNDERWATER VIEW: Speed, 29.6 knots, ehp 691

FIG. 108 TOWING TEST OF CONFIGURATICN C,

MODEL OF ARTICULATED PLANING HULL,
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IN SMOOTH WATER
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OBJECTIVE

The objective of the model tests described in this chapter was to
investigate the hydrodynamic :haracteristics of an inverted \V-bottom hull
adapted for use on 3 high-speed amphibious vehicle. The inverted V was
chosed for study because of the adaptability of the hull shape to the
receipt of retracted wheels. It is a continuvation of the studies presented

in Chapters VIill and iX.

Smooth-water tests were performed to determine the effective horse-
power and running trim of the model. Rough-water tests were performed to
determine the effective horsepower, pitch and heave motions in an arbitrar-
ilv chosen regular wave condition. Throughout the wave test, impact accel-

eraiions were recorded at the bow and CG,

MODEL

A 1/10-scale model of the proposed design was constructed by the
Davidson Laboratory according to the lines shown in Figure 109. The propel-
ler tunnel and supporting plate were simulated but not the wheel wells or

covers. Photographs of the model as tested are shown in Figures 110 and ill.

This hull has an overall length of 40' and a maximum besm of 10'. The
transom is perpendicular to th. :eel but is stepped for a sufficient angle of

departure in land operations.

TEST SETUP AND APPARATUS

The model was -onnected to a towing anparatus by means of a pivot
located at the CG of the model. [t was ballasted to each of the desired
center of gravity and displacement conditions. The vertical center of
gravity was fixed at 38 inches above the keel. Station lines were pa.nted
on the model sc that waterline intersections could be determined and spray

patterns could be qualitatively analyzed.

The tests were performed with a free-to-surge servo apparatus which
permitted the model compiete longitudinal freedom. This freedom was obtained

by mzans of a servo which controlled the reiative motions between the model,
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the auxillary sub-carriage, and the main carrlage. When starting a test
run the cub-carriage and main carriage were locked together. After the
medel had been towed into a desired wave condition, the sub-carriage, which
is attached to the mode!, was unlocked from the main carriag: and permitted
to move in a longitudinal direction relative to the main carriage. Servo

controls kept the main carriage speed near thet of the sub-carriage.

A constant horizcntal thrust force was applied to the model through
@ special constart force spring. Thiz system of constant force simulated a
constant propeller thrust, causing the model to move forward. This applied
thrust force is equal to model resistance when the model attains a constant
speed. The verticai component of propeller thrust due to the shaft inclina-
tion relative to the keel, and the counter-acting moment due to the pivot
peint being located above the propeller shaft line were both corrected by

bzliasting.

Registance and trim were measured as soon as a Steady-state running
condition had been attained. Surface and underwater pictures were taken at
al! conditions tested to record th» jeneral attitude of the model and to
study the air entrainment problem at the irverted "V''. Running waterline
intersections were reccrded for all tests for determination of the wetted

area to permit Schoenherr expansion of resistance and EHP.

The running trim was measured with respect to the keel line amidship
to stern but then converted to the base reference of static wateriine. The
heave motion was measured at the LCG of the model reletive to its position

at zerou speed.

To be assurecd of similar turbulence conditions, all smooth-water tests
were run in cycles of 3 minutes. A surface-piercing turbulence wire of 0.040
inches diameter was towed ahead of the model on the centerline to provide a

turbulent boundary iayer in the watted areas.

The wave height and length in the rough-water tests were 3' x 60'
{full-scale). All test runs were started at a specific wave entry condition
and run at 5 winute cycles to be certain of similarity in ail tests. Waves

were generated by a plunger-type wavemaker.

- 41 -
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Dt ~'ng each test run in waves, a time history of the wave pattern,
of model speed, heave and pitch motions, and of acceleritions at the LCG and
bow were recorded on calibrated oscillograph tapes when the model attained
constant speed. Motion pictures of the overall behavior of the model were

also taken.

Heave and pitching of the model were measured with linear differen-
tial transformers. Vertical accelerations at the LCG and bow were measured
by linear differential trensformers having a range of t!Og. All =lectrical
signals were transmitted thrcugh a system of overhead cavles to ''shore'

based amplifier and recording equipment.

TEST PROGRAM

The test schedule for the smooth-water tests is shown in Table 1

below:
TABLE |
Schedule of Smooth-Water Tests

Displacement, !bs. 21,000 26,000 31,000

LCE, % of CAL from bow 58 55 50,55,60

The rough-water test was run with the model ballasted and balanced
at 31,000 1b. displacement and LCG 55% LOA aft of bow. The weight distribu~
tion produced a moment of inertia of 9.65 x 104 slug ft.2

SMOOTH WATER RESULTS

7 mwan

The full-size resuits of effective horsepower and trim are presented
in Figures 112 and 113. Schoenherr predictions are for sea water at 55°F
based on Schoenherr friction formulation for both model and prototype with
a friction coefficient correction for surface roughness of clean hull of

0.40 x 103,

-~ 142 -
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The model under consideration has a design speed of approximately

25 knots. At this speed the EHP's at the various conditions are:

50% 55% 60%
21,000 210
26,000 270
31,000 350 330 *

xmodel oscillated

Using the data tabulated above for comparison of the three dis-
placements at 55%, the effective horsepower incresses almost directly pro-
portional to increase in displacement. This ratio appears to be fairly

consistent throughout the speed range.

As can be seen from Figure 113, the trim variations for the inverted
V-bottom were greatest at the 60% LCG condition. 1In Figure 113, at a speed
of 18 knots, the running trim was 8.2 degrees. The peak value of trim at
50% LCG was 3 degrees occurring at 23 knots, whereas the peak trim for 55%
LCG was 7 degrees at 20 knots.

Photographs of model under selected test conditions are presented in
Figures 114 to 118,

ROUGH WATER RESULTS

Figure 119 compares EHP characteristics of smooth water and head seas.

At a speed of 25 knots the EHP in rough water s 615, compsring to
335 EHP in smooth wster, an increase of abocut 83%. This di{ference reaches
90% at a speed of 33 knots.

The full-scale values of hsave motion shown in Figure 120a are meas-
ured at the CG relative to its zero speed position in smooth water. At a
spee& range of 6 to 12 knots the model osciliated vertically to a maximum
upward value of about +15 inches and maximum dowiward motion of -13 inches,
a total of 28 inches. At design speed of 25 knots, the heave amplitudes

ranged between +28 inches upward st the high point and +13 inches upward at
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fts lowest point; a total oscillation of 15 inches. In this speed range

the model started to ride the crests of the waves.

The measurements of the pitching motion of the inverted V-bottom are
shown in Figure 120b. All values are measured relative to the zero speed
condition. The most severe pitching motion was encountered in the speed
range of 6 to 12 knots. In this speed range the model followed the wave
contour. In the design speed range the model started to penetrate the
waves, resulting in a pitching motion ranging between +4 and +11 degrees
bow up. At the higher speed range, the pitching motion decreased, ranging

from +3 -to +8 degrees bow up.

Maximum positive and negative vertical accelerations at the bww and
the CG are shown in Figure 121, A positive acceleration is an upward accel-
eration which is created by the impact of the oncoming wave crest, whereas a
negative acceleration is the downward acceleration erncountered when the model

is in the downward motion of the wave trough.

The accelerations presented are the peak values of the accelerometer
record. Wherever a ''ringing'' appeared on the record, an average value of
the oscillation was taken as the maximum acceleration. The oscillatory
ringing appearing on the accelerometer record is defined as slamming. Since

the scaling of the rigidity of the model structure to the prototype structure

KT Y

differs greatly, slamming may occur full size before it happens to the model.

The impact accelerations recorded a. the bow and LCG were very irreg-
ular with many unusual characteristics encountered at different speed condi-
tions. At the low speed range of 8 to 15 knots, the LCG had an upward
acceleration of !g and a downward acceleration of about .6g. The bow accel-
eration at this speed range varied from i.2g to 4g. In the high speed range,
the CG accelerations wer- approximately 4.5 upward and lg downward; the bow
acceleration reached a maximum of 11.59g at 24 knots. Laige scale oscillatory
ringing was encountered at both the LCG and bow accelerometers at the low

speed range.

On the basis of the test results, the ''Sea Sled'" configuration is

regarded as a possible design for a high-speed amphibious wheeled vehictle

- 4 -
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because of its low drag and satisfactory performance in smooth water, and
the conformance of the hull shape to the outline of road wheels in a
retracted position. However, rough water performance of the craft is
generally not considered as satisfactory as that of conventional planing
huils with which this hull is expected to compete. Furthermore, the air
entrained in the inverted V may seriously impair propeller efficiency at

high speeds.
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b. Rear View

TEST MODEL OF PLANING HULL WITH INVERTED-VEE BOTTOM
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a., Surface View

b. Underwater View

FIG. 114 TOWING TEST OF PLANING-HU11 MODEL WITH INVERTED-VEE BOTTOM,
IN SMOOTH WATER, WITH DISPLACEMENT OF 21,000 LB AND LCG AT 55%
OF OVER-ALL LENGTH AFT OF BOW, AT A SPEED OF 19.4 KNOTS
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a. Surface View

b. Underwater View

FIG. 115 TOWING TEST OF PLANING-HULL MODEL WITH :NVERTED-VEE BOTTOM, WITH
OISPLACEMENT OF 26,000 LB AND LCG AT 55% OF OVER-ALL
LENGTH AFT OF BOW, AT A SPEED OF 19.1 KNOTS
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a. Surface View

b. Underwater View

FIG. 116 TOWING TEST OF PLANING-HULL MODEL WITH INVERTED-VEE BOTTOM, WITH
DISPLACEMENT OF 317,000 LB AND LCG AT 50% OF OVER-ALL
LENGTH OF BOW, AT A SPEED OF 15.3 KNOTS
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a. Surface View

b. Underwater View

FIG. 117 TOWING TEST OF PLANING-HULL MODEL WITH INVERTED-VEE BOTTOM, WITH
DISPLACEMENT OF 31,000 LB AND LCG AT 55% OF OVER-ALL
LENGTH AFT OF BOW, AT A SPEED OF 19.2 KNOTS
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a. Surface View

b. Underwater View

FiG. 118 TOWING TEST OF PLANING-HULL MODEL WITH NVERTED-VEE BOTTOM, WiTH
DISPLACEMENT OF 31,000 LB AND LCG AT 60% OF OVER-ALL
LENGTH AFT GF BOW, AT A SPEED OF 14.9 KNOTS
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HEAVE (INCHES — FULL SCALE)
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~—" e

/—— BOW-DOWN MOTION

/

SPEED (KNOTS)

FIGURE 120. LIMITS OF PITCHING AND HEAVING MOTIONS OF PLANING -

HULL WITK INVERTED-VEE BOTTOM iN REGULAR HEAD SEAS
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OBJECTIVE

The objective of the model tests described in this chapter was tc
investigate the hydrodynamic characteristics of a polyhedral hull, designed

by the Higgins Shipbuilding Company of New Orleans.

Smooth water tests were conducted to determine effective horsepower
and running time of the model. Tests in regular head seas were performed
to determine the effective horsepower, pitch and heave motions, and impact

accelerations on the model.

MODEL

A 1/10-scale model of a polyhedral planing hull was constructed
according to lines shown in Figure 122, The prototype has an oveciall length
of 40 feet and a maximum beam of 10 feet. The transom is perpendicular to
the keel and is stepped. A retractable propeller mount was simulated to
model scale. The five grooved steps of the hull run longitudinal from bow

to amidship. Photographs of the hull are shown in Figure 123.

TEST SETUP AND APPARATUS

The mode! was connected to a towing apparatus by means of a pivot
located at the center of gravity of the model. [t was ballasted to each of
the desired center of gravity and displacement conditions. The vertical
component of propeller thrust due to the incliined shaft line, and the mcment
due to the pivot being located above the propeller shaft line were both

corrected for in the ballasting.

Station lines were painted on the model so that waterline inter-
sections could be determined and spray patterns could be qualitatively

analyzed.

The tests were performed in the Davidson Laboratory Tank 3 with the
same apparatus as used to test the inverted V bottom hull model described

in Chapter X.

-159..
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TEST PROCEDURE

Smooth Water Tests: Resistance in pounds and trim in degrees were

recorded as soon as a steady condition had been attained. Running water-
line intersections were recorded during all tests for determination of

Schoenherr EHP.

To be assured to similar turbulence conditions, all tests were run
in cycles of 3 minutes. A surface-piercing turbulence wire 0.040 inches in
diameter was towed ahead of the model on the centerline to provide a turbu-

lent boundary layer.

The tests performed in smooth water can be seen from Table |.

TABLE 1

Smooth Water Test Schedule of Polyhedral Hull

Wwith Friedida Apparatus

Displacement (1bs.) 21,000 26,000 31,000
L,C.G. in % of overall 55 55 50° 55 60

length from bow

“Test not completed because mode] started to
nose-dive.

Rough Water Tests: The rough water tests were run with the model
ballasted and balanced at 31,000 ib. displacement and 55% L.C.G, and a

moment of inertia of 9.26 x H)!1L s lug Ft.z The wave conditicn considered

L wave
L model 1.50.

This ratio is considered the most critical for satisfactory performance.

fer this test was 3 ft. x 60 ft. {full size) which gives a

All runs were started at a specific wave entry condition and run at 5-minute

cycles to assure similarity in all runs.

During each run in waves, time histories of model speed, heave, and
pitch motions, accelerations at C,G. and bow, and wave patterns, were

recorded on calibrated oscillograph tapes.

Both heave and pitch were recorded with zero reference being static

waterline condition. Plus values are measured from static waterline upward

- 160 -
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and negative values are below the static waterline. A bow-up pitching
motion relative to the static waterline is shown as plus and bow-down as
minus angle. Accelerations are measured from a zero reading when the

model is floating statically.

Motion pictures were taken to record the running behavior of the

modei in waves throughout the test speed range.

SMOOTH WATER RESULTS

The test planned for 31,000 lbs. displacement and 50% LCG could not
be completed. The severe bow-down attitude of the model caused swamping at
'3 knots. All other tests were completed throughout a speed range up to 35

knots.

Figure 124 shows effective horsepower and trim of the prototype at
55% LCG at the three displacements. It can be seen that the EHP increases
approximately linearly with increase in displacement over the total speed
range. Figure 125 shows and compares EHP and trim at 31,000 1bs. and 60%
LCG, with the same displacement at 55/ LCG. This figure shows that there

is no appreciable difference in EHP between the two LCG locations.

Ail EHP predictions are based on Schoenherr friction formulation for
both mode! and prototype for sea water at 59°F with a friction coefficient

correction for surface roughness of clean hull of 0.40 x 10-3.

A selection of photographs covering the smooth water tests are
presented in Figures 126 through 128, indicating respective speed, EHP and

trim.

ROUGH WATER RESULTS

The rough water tests were performed at only one displacement and
LCG of 31,000 1bs. and 55%, respectively,

Since the wetted area of the hull constantly changes in rough water,
the Schoenherr friction formulation could not be used for full-scale resist-

ance expansion. In view of this, a simple scale factor expansion of 3
(i.e., 103) was used.

- 161 -




R-726-11

Figure 129 shows EHP characteristics of polyhedral hull. Comparing
rough to smooth water performarce at the projected desian speed of 25 knots,
the 590 EHP are required in rough water, oniy 370 EHP in smooth water, a
ratio of about 1.60. With increasing speed this ratio increases. reaching

a value of 1,70 at 35 knots,

The results of the pitching motion of the polyhedral hull are shown
in Figure 130. The most severe pitching motion was encountered at the low
speed range. At 7 knots the limits of bow-up motion was +5.5% and of bow-
down motion was -13 degrees, a range of 18.50. With increasing speed the
bow-down motion decreased rapidiy and the bow-up motion increased only grad-

ually. At 25 knots, the limits of how-up motion was +8.7 degrees and of

bow-down motion was +2.6 degrees, a range of 6,1 degrees. Above the projected

design speed the hull was planing on the wave crests, resulting in lower

pitching motions.

Heave motions are also shown in Figure 130, At a speed of 7 knots
the model oscillated vertically co a maximum upward value of 10 inches
full-scale, and a maximum downward motion of 28 inches. With an increase
in speed, the downward heave motion decreased rapidly. At 25 knots the
hull started to ride the crest of the waves, heavirj over a range of only

11 inches in oscillation,

Maximum positive and negative vertical acceleration at bow and C.G.
are shown in Figure 131. A positive acceleration is considered an upward
acceleration which is encountered by the impact of the oncoming wave crest;
whereas a ~egative acceleration is a downward acceleration enccuntered when
the model is in the downward motion of the wave trough. The impact results
were determined by taking an average of the peak accelerations. The impact
acceleration peaks that were higher than the average value were considered

due to slight irregularities in the waves.

In the speed range of 5 to 14 knots the bow had an impact accelera-
tion of lg. This increased rapidly in the speed range of 14 to 38 knots.
The maximum impact acceleration reached approximately 6.2g's at 38 knots.

The downward acceleration (negative) is lg in the 5 to 10 knot speed range.
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Beyond a speed of 10 knots, the downward acceleration becomes only siightly

greater than lg.

The impact acceleration at the C.G. was about .4g in the speed range
from 5 to 20 knots. Beyond 20 knots the impact acceleration increased
rapidly to a maximum value of 2,30 g's at 39 knots. The downward acceiera-
tion for the 5-20 knot speed range was 0.5. Beyond 20 knots the negative

acceleration increased to a maximum of lg at 39 knots.
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a. Speed 19.0 knots; trim 30; ehp 168

b. Speed 23.6 knots; trim hog ehp 232

FiG. 126, TOWINS TEST OF POLYHEDRAL FLAMING HULL, AT 21,000-L8B

DISPLACEMENT WITH LCG AT 55% OF CVER-ALL LENGTH AFT OF BOW
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b. Spesd 23.7 krots; trim 4.2°; eho 292.5

G. 1z7. TOWiKS
DISPLATEMENT W

3
1

TEST OF POLYHEDRAL PLANING HULL, AT 26,000-LB

TH LCG AT 55% OF OVER-ALL LENGTH AFT OF BOW

169

Paky




ST T s B IR PRI

WA Y 2 SN A pungdisnbut wil 1o

ot s

R-726-11

a. SURFACE VIEW: Speed 18.9 knots, trim 4.7°, ehp 273
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b. UNDERWATER VIEW: Speed 18.9 n .ts

FIG. 128 TOWING TEST GOF POLYHEDRAL PLANING HULL, AT 31,000-LB
DISPLACEMENT WITH LCG AT 55% OF OVER-ALL LENGTH AFT OF BOW
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FIGURE 130. LIMITS OF PITCHING AND HEAVING MOT!ONS OF POLYHEDRAL
PLANING HULL IN REGULAR HEAD SE/.S, AT DISPLACEMENT OF
31,000 1.8 ,W!TiH LCG AT 55% OF OVER-ALL LENGTH AFT OF BOW
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CHAPTER X1

EFFECT OF SHIP-FORM STRINGERS

ON THE RESISTANCE OF A BARGE-LIKE HULL

by

T- R. Gondert
J. P. Finelli

May 1959
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OBJECTIVE

The tests described in this chapter were conducted to investigate
the changes in hydrodynamic resistance which may develop by adding stringers

at the waterline to give a barge-like hull more of a ship form.

INTRODUCTION

It is well established that the majority of the resistance generated
by the barge-like hulls characteristic of most amphivbious vehicles is attri-
butable to its form or shape, wkzreas most of the hydrodynamic resistance
of most ship-like hulls are attributed to the waves generated by the hull.
It was therefore proposed that the addition of these iightweight stringers

te a barge-like hull may reduce its resistance at luw speeds.

MODEL

A barge-like model was therefore tested with and without ship-form
stringers in still water in Tank No. ! of the Davidson Laboratory. The
test model and appendages were selacted under the following specifications

set forth by the Ordnance Tank-Automotive Command of Detroit Arsenal:

1. The model was to be an available one with a flat bow,

Z. The stringers were to be 1/3 the total height of the model anu
so located as tu divide the model height into three equal parts.

3. The overall length was to be three times the iength of the
basic model with the model located in the center of the tringers.

L, The waterline was to be parallel to the bottom of the model,
with the stringers two-thirds submerged. That is, the model draft
would be 5/9 of its height.

5. The node! scale chosen should be such that the prototype vehi-

cle weight would be approximately 40,000 1b. at the specified waterline.

Side and plan view sketches of the model with stringers ure presented

below.
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£
:
§ Dimensions and characteristics of the model used were as follows:
: Overall length, without Stringers .........ceeeee.... Y = 29.75 in.
: Overall length, with stringers ............ Ceeeeceaan 3¥ = 89.25 in.
. Height .ivveiennnneneiineecencacnanenn teeecesseenes saee X= 6.0 in.
Beam ...c.iviiiienennecenens teesessecescescens s eveases Z = 10.0 in.
Draft Lt iniieetieeeanceoeanoaccecencoannonns veese S5/9X = 3.33 in,
Displacement ......c.cceneeeveneeconcacannaane ~eavens 36.3 1b.

The test model was assumed to be a i/1l-scaie model. This resulted in

the following equivaient prototype characteristics:

Overall length, without stringers ............. cesese 27.27 ft.

Overall length, with stringers .......coceeceecencans 81.81 ft.

Height ....iiiiinireineeeaeacoacacoscsasassesasnasnens 5.8 ft.

BEaAM .. vttt ettt es st eteseseseanns 9.17 ft.

Draft ... iirerereriaaccccecasecosacascccnnasannnonan 3.06 ft.

Displacement .......ccovcivnccnrcanccnnse Yeessersonnns 40,300 1b.
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it was also assumed that the addition of stringers on a full-size
prototype would have little or no effect on the draft of the vehicle.

Therefore, all tests, whether with or without stringers, were run at the

same draft.

The model was towed from the bow at speeds ranging from 2.5 to 10

e

o

miles per hour, full size. The moment arising from towing at the bow was

counterbalanced on the test apparatus to give an e“fective thrust line
o along the bottom of the hull.

T SRR VR

. TEST RESULTS

The test resulis are presented as curves of Resistanca versus Speed

U4 e I

A

- in Figure 132 and Effective Horsepower versus Speed in Figure 133.

W

Full-scale resistance was obtained by multiplying the mode! resuits

,‘u\ H

by the scale factor cubed {113). Fuil-scale speed was obtained by multi-

plying mode! speed by the square root of scale factor {J/ 11).

Figure 134 contains photographs of the modei, with and without
- stringe}s, out of water.

A

|
1

Figures 135 through 139 show the model under test at various cpeeds.

. CONCLUS I0OMS

As can be seen from the graphs of Figures 132 and 133, <ue addition
of the ship-form stringers caused an increase rather than a2 decrease in
. resistance. Figures 138 and 139 show how a bow wave still develops, despite

.. the stringers. This concept, therefore, should be abandoned.
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SIDE ¥IEW WITHOUT STRINGERS

SIDE VIEW WITH STRINGERS
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SPEED 2.42 MPH
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FIGURE 135
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SPEED 6.0 MPH
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FIGURE 137
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WITHOUT STRINGERS EHP 46.8

WITH STRINGERS EHP 59.5

FI1GURE 138
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TOWING TESTS OF A 1/12-SCALE

AMPHIBIOUS SEA-TRAIN CONCEPT

1. 0. Kamm

D. M. Uygur

February 1957
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OBJECTIVE

The objective of the tests reported in this chapter is to determine
EHP, trim, and heave characteristics, in still water, of an amphibian train

which is formed by connecting several standard-type amphibians in tandem.

iNTRODUCT {ON

Preparation and evaluation of various high-speed wheeled amphibian
vehicie design concepts are beinqg studied. Among the concepts under con-
sideration is an arrangement of several seif-propelled displacement-type

wheeled amphibians in the form of a sea-going train, dubbed the ''Sea-Serpent.'

Due to the many design compromises that have been necessary in order
to make a vehicle both land and sea-worthy, present-day displacement hul!l
amphibians have reached a limit to water speed capabilities between 5 and
16 miles per nour, It was theorized that connzcting several standard-type
amphibians in tandem would decreace the wavemaking resistance per individual
unit and thus permit higher water speeds to be attained at no increase in the
installed power per vzhicle. Therefore, a series of simple box-like models
Wwere conszrixcted anc tow tested during February 1957. A total of eight
model units were built, all identica! in size and form, except the lead unit
which had a different bow aﬁg!e to prevent serious ''nosing' down., The model
slize w3s cheosex to be about 1/12th the size and proportions of average con-

temgorary amphibians.,

HAODEL

The basic dimensions of the lead and trailing units are shown in
Figure 140, and photographs of them are shown in Figure 141, Each unit
was loaded to 1200 1b/ft or 36,000 lbs. full-size displacement, with the
C.G. at its midpoint (leve! trim). The Sea-Serpent drag tests were con-
ducted with the five basic confinurations as descrihed below and shown in
figures 142 through 144,

1. Rigid Open Sap - Models are attached to a rigid backbone. The

gaps between the stern and bow of adjoining sections are left open. (See

Figure 142a)
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2. Rigid Closed Gap - Same as (1) but the gaps between sections
are closed with flooded sheet metal fairings. (See Figure 142b)

3. Articulated Open Gep - Models are attached to each other with

hinges which allov them freedom in pitch, but not in yaw and roll. ({See
Figure 143)

L, Wheels Added, Open Gap - Same as {1}, but with half-wheels
attached to the bottom of hull., (See Figure 1hha)

5. Wheels Added, Closed Gap - Same as (2) but with half-wheels
attached to the bottom of hull. (See Figure ikhh)

JEST PROCEDURE

The first three configurations were tested with 2, 4 and 8 units and
the last two confiqurations were only tested with 8 units. A single unit
was tested for comparisen. In all these tests the first unit was always
free to pitch and yaw with respect to the carriage apparatus. A complete

breakdown of al! the tests performed is shown in the following table:

Detailed Breakdown of Sea-Serpent Tests

Photograph Test Results
Confiquration Code in Fiqure No. in Figure No.
! unit A 159 145,147,149, 150, 151, 152
2 units, rigid, open gap B 142a, 160 145,147,151
L units, rigid, open gap c 161 145, 147,151
8 units, rigid, open gap Ly 162 145,147, 148, 151
2 units, rigid, closed gap E 142b, 163 146,152
bk units, rigid, closed gap F 164 146, 152
8 units, rigid, closed gap G 165 146,148,152
2 units, articulated, open gap H 143, 166 149,150, 153
L units, articulated, open gap ! 167 149,150, 154
8 units, articuiated, open gap J 149,150, 155
8 units, open gap, with wheels M 14ha 148
8 urits, closed gap, with wheels N 1hhib 148
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Trim
readings are presented as the absolute trim of each unit with respect to
the horizontai water line.

Heave readings were taken at the bow of the lead unit only.

For the rigid configuration, %rim was only
determined at the bow. As can be noticed from photcgraphs, Figure 1h42a,
the backbone was not completely stiff and the trim, therefore, decreases

toward the rear of the train, especially at higher speeds.

Motion pictures were taken during selected tests.

TEST RESULTS

All test results are expanded to prototype values by Schoenherr

method with a friction coefficient correction for surface roughness of
clean hull of 0.40 x 10™3,

For the purpose of amplifying the relative characteristics and
behavior of the various configurations, the models were tested through a

speed range exceeding those speeds commensurate with realistic prototype
power requirements,

Figures 145 and 146 show speed vs. total EHP characteristics of
rigid open and closed gap configurations.

Figure 147 shows sheed vs. EHP
per unit.

Figures 45 and 147 indicate that increasing number of units
will increase the total required effective horsepower, however, the power
required per unit will decrease.

Figure 148 compares speed vs. EHP characteristics of the 8-unit rigid

trelin with and without wheels,

Figures 142 and 150 show speed vs. ENP characteristics of the

articulated opsn gap confiqurations.

Figure 151 compares speed vs, trim angle and heavs characteristics
of the rigid open gap coenfigurations.

Figure 152 compares speed vs. trim angle and heave characteristics
of the rigid closed gap configurations,

Figures 153 to 155 show speed vs, %rim angie and heave characteris-

tics of the articulated open gap configurations,
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In general, Increasing the number of units decreases the trim angle
and hzave of the train.

Altthough 25 knots is beyond a practical speed, it is interesting
to note that at that speed the 4-unit articulated train becomes unstable

in pitch as shown in Figure 161 b. The 8-unit articulated train becomes
unstable at about 19 knots.

Figures i56 to 158 show vehicle length vs. required totai effective
horsepower at constant speeds of 10, 20 and 30 mph.

A selection of first-run photographs are shown in Figures 159 to 163.

CONCLUS i ONS

The test results indicate that an appreciable reduction in hydro-
dynamic drag per vehicle can be achieved by iinking a sufficient number of
vehicles end te end. The question remains unsolved as to what degree the
propuisive efficiency of each unit deteriorates as a result of the disturb-
ance and increasiig propelier stream velocity created by preceding units.
Further, there may be buckling problems as compressive forces within the
train becomz excessive, and the wave pattern synchronizes with individual
unit length. Also, the practical problem of linking units underway on the

open sea needs to be resolved. The broaching characteristics of such leng
vehicles is unknown.

- ,m.v.«’mq;.. PR

RECOMMENDAT [ON

Al B

tt is recommended that those questions reiating to the practicality

of this scheme be investigated. in particular, several wheeled amphibicus

vehicles of the same type and readily available shouid be linked in make-
shift fashion so that, in smooth water, the propulsive characteristics ana

net increase in water speed as a function of the number of units tied
together can be studied.
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If all of these tests can be performed to satisfaction, then severai
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vehicles should be modified to incorporate some practical connection scheme
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and tested under full-scale conditions.
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a. LEADING UNIT (THREE-QUARTER STERN VIEW)

TYPICAL TRAILING UNIT (BOW SHAPE SAME AS STERN)

FIG. 141 UNITS OF THE SEA-SERPENT MODEL
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a- CONFIGURATION B, RIGID OPEN-GAP CONNECTION

b. CONFIGURATION E, RIGID CLOSED~GAP CONNECTION

FIG. 142 FIRST TWO UNITS OF 1E
SEA-SERPENT CONNECTED TOGETHER
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: FIG. 143 CONFIGURATION H, FiRST TWO SSA-SERPENT UNITS
. WITH ARTICULATED GPEN-GAP COMECTION
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a. CONFIGURATION M, RIGID OPEN-GAP CONNECTION

b. CONFIGURATION N, RIGID CLOSED-GAP CONNECTION

FIG. 144 FIRST TWO UNITS OF THE SEA~SERPENT
WITH ATTACHED HALF-WHEELS
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FIG. 162 CONFIGURATION D, EIGHT UNITS
WiTH RIGID OPEN-GAP CONNEC;!ONS
Speed, 13-4 Knots EHKP, 590 Trim, 0 Heave, -0.2'

209

St T,




Yot

16h CONF\GURATION F, FOUR UNITS

FIG.
Wi RICID CLOSED-GAP CONNECTIGNS
Speed 1262 Knots £dpP, 305
Trim, Heave, ¢!
210




L

)
4

Son—

s, 3

sttt

Smarmine 3

g

} F16. 166 CONFIGURATION H. TWD yN1TS
WiTH ART\CULATE?) OPEN-‘GAP CGNNECT!ON
speed. 12.5 Knois zyp, 320




R-726-11
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